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—> use radioactive impurities: emission channeling
e ~ 4 orders of magnitude higher efficiency than RBS

e independent of mass of impurity
e no damage from probing beam
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iflgoriicell cgserigtiorn iclentical to jon bearn channeling

Le. 15 gesi cdarie 0y Morie Carlo methods (calculating mearny o
ireljeciories). Tre “meinod of cnoice” but unfortunately not rmeany
o, 2itiing 1s0io0es exst

=r Monte Carlo or quanturmn-
mechamcal) but not weII -adapted to experirments. Nurmber of
positron emitters ruch smaller than electron emitters,

* Electron (B- and CE) emission channeling:
well-developed method, accounts for the majority of
experiments. Theoretical description by means of “manybeam”
formalism = quantum-mechanical approach, solution of
Schrddinger equation in a periodic potential.
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Experiments with radioactive isotopes (produced and implanted
mostly at ISOLDE/CERN) account for the majority of emission
channeling experiments
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Important criteria for suitable isotopes:

B, B+, CE or a.
emitting isotopes
exist for most
elements of

the periodic system

= many
experimental
possibilities

e half life of decay e energy of emitted particles e availability as ion beam
e possible superposition from decay chains e radiation protection issues
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2525 mm? resistive
charge division SiTeK detector
for o, particles

water & Peltier cooling (—30°C) e commercially available
e prototype detectors (CERN) e readout via conventional NIM
o selftriggering pre-amplifier chips moduiles + multlparamfeteSr fE)DIfI:—?
e maximum count rate: ~3 kHz range ® maximum count rate: ~o- Z

range

energy resolution: photons ~1.2 keV :
’ & P e energy resolution: ~ 20-50 keV

electrons ~3 keV
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e ISOLDE beam is collimated by 2 apertures (15t variable size, 2" & 1 mm) on the sample
e sample mounted in 2- or 3-axis goniometer
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e detector at 17° backward geometry for simultaneous implantation and measurement
e valve in front of detector allows to maintain detector vacuum during sample exchange
e lead shielding around 15t collimator lowers background
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8" -
Be
- Qg = 16 MeV N T = 1.5 MeV
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Q
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o, particles from eLI B-delayed o decay malke it a very efficient ernission
channeling probe nucleus
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293 K experiment simulation 48%S +24%T

<100>
0>
I 103-114
i L N 0.92 - 1.03
092 0.80 - 0.92
080 0.69 - 0.80
069 0.58 - 0.69
058 0.47 - 0.58
047 r 0.35 - 0.47
058 = I 0.24-0.35
-0.35 _
<111>
1> _
I 101-1.11
101 Poo91-1.01
001 . 0.81-0.91
01 0.71-0.81
071 0.61-0.71
061 0.51 - 0.61
Jo8t 0.41-0.51
041 . B 0.31-0.41
0.41
<211>
<211>
L 1.00 - 1.06
130 = 0.95 - 1.00
“110 0.90 - 0.95
2ol 0.84 - 0.90
002 0.79 - 0.84
Jog2 0.73-0.79
073 0.68 - 0.73
03 I 0.62 - 0.68
-0.63 _

2 -2 -1 0 1 2 [deg]

Site change of rnajority of Li frorn tetranedral interstitial to supstitutional Ga
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U. Wahl, Physics Reports 280 (1997) 145
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For InS: Ty, = 150 K. = E,, = 0.31-0.35 &V

In cornparison: activation energy frorm macroscopic diffusion
experiments EJ =0.28 eV [Takabatake 1966]

U. Wahl, Physics Reports 280 (1997) 145
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diffusion data from

Liin se

llegpiclticiors:
channeling :ric/ other methods

E,(Li) T(S>R) E.(S—R) | Eo(Li)
fast [eV] [K] [eV] slow [eV]
0.655 (>700)
N 7-2.1
0.512
(>800)
1.4-155 (>800)
9 (>700)
GaAs 1513 240-270 0.58-0.60 | 0.67 (>300) 1.2
GaSb 985 0.7 1.9
InP 1335 360-405 0.87-0.91 (>600)
InSb 800 155-180 0.37-0.39 | 0.28 450-500 1.1-1.2
CdTe 1370 130-190 0.33-0.37 450-470 1.2
Zn0O 2250 0.58-0.64
ZnSe 1790 200-230 0.47-0.59 | 0.49 500-550 1.3-1.4
ZnTe 1510 150-180 0.34-0.38 0.78 450-470 1.2 1.22

Ernission cnanneling data nas nelped in clarifying tne diffusion

rmecnanisms of L.

U. Wahl, Physics Reports 280 (1997) 145
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S NERER =2 =0 clezly for o emission charnnegling
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20Na is a very interesting o. emission channeling probe but experiments at ISOLDE
were unsuccessful due to insufficient isotope yield = used 2Na B- instead



Emission: channelinesiemisNENEZICN) Nl iAo

— o
,=20°C
112-1.14
1.09-1.12
1.06 - 1.09
1.04 - 1.06
1.01-1.04
0.99-1.01
0.97 - 0.99
0.94 - 0.97

1.12-1.14
1.09-1.12
1.06 - 1.09
. 1.04-1.06

1.01-1.04
( 0.99-1.01
.l 097-099
@ 0| B 0.94-0.97

1.04-1.07

(
. 1.02-1.04

1.00 - 1.02
0.97 - 1.00
.~ 0.95-0.97

135 o
S (11-20) plane in S
= wurtzite lattice

e as-implanted the majority of 2*Na sits on interstitial H or O; sites in ZnO

e upon annealing at 200°C it changes to substitutional S, sites
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—m— “'Ce (beta)
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Annealing Temperature T, [°C]

« large fractions of RE on S, sites
« annealing hardly influences fractions
» actual differences between various REs possibly smaller
(varying sample quality, electron scattering background etc.)
B. De Vries, PhD thesis KULeuven (2006)




su.’osmtuz]onal Ga SlItes:

—] —l— "“'Ce (beta)
1 —e— “*'Pr (CE)
{4 *Pr (beta)
| —v—"'Nd (beta)
] “'Pm (CE)
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—%— *Eu (CE)
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—o—“'Er (CE) + O

000 ] . ] . ] . ] . ] . ] + 167
0O 200 400 600 800 1000 SHCE) + C
—yp (CE)

Annealing Temperature T [°C]

u,(Ga)=0.074 A

» displacements larger than thermal vibration
* decrease after annealing
» the only visible effect of annealing in GaN at these low doses

B. De Vries, PhD thesis KULeuven (2006)
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Some o-active isotopes which are of interest for future emission channeling studies in semiconductor physics

[sotope ty2 o yield E, [SOLDE 2 yield PSB ISOLDE yield  Target material
per decay  (MeV) (ilonss *pA~t) (ionss 'pA~ 1Y)

BLi 0.838s 2.0 ca. 1-5.5 3.9 x 10* 1.1 x 10° Ta
®B 0.769 s 2.0 ca. 1-5.5 Not available Not available

20Ng 0446s  02i 2.148,4.438  Not available 9B=105 Al
130Dy 7.17min  0.31 4.23 2.4 % 10? Ta
Dy 17 min 0.06 4.07 7.3 % 10° Ta
31Ho 3565 0.10 4,52 1.0 x 10® Ta
152Ey 98s 0.10 4.80 7.0 % 107 Ta
1338y 36s 0.38 4,67 7.1 % 10% Ta
153Tm 1.585 1.0 5.10 1.0 x 107 Ta
154Tm 3.0s 1.0 5.03 1.1 x 10% Ta
155Tm 39s 1.0 4.45 4.0 % 10% Ta

e of those only 8Li was used at ISOLDE
¢ on-line emission channeling experiments require long beam times,
well-focused beams, good yields and fast detection systems

U. Wahl, Physics Reports 280 (1997) 145
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